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REMARKS 

Rejection under 112, first paragraph 

The promoter genomic elements described in the specification were well-known to the 
ordinary skilled worker at the time the application was filed. (See, also, Specification, Pages IS- 
IS, where it is described how promoter fragments can be obtained.) For example, the apo C-III 
gene promoter was described in a number of publications prior to its filing date, including: Reue 
et al,, J. BioL Chem., 263:6857-6864, 1988 (attached); Leff et al., J. Biol. Chem., 264:16132- 
16137, 1989 (attached); Ogami et al, J. Biol. Chem., 265:9808-9815, 1990; Fraser et al., J. Biol. 
Chem., 272:13892-13898, 1997; and Vu-Dac et al., J. Biol. Chem., 272:22401-22404, 1997. 
Reue et al. (1988) and Ogami et al. (1990) specifically refer to GenBank accessions numbers 
where sequence information was available. 

According to MPEP §2163: 

An applicant shows possession of the claimed invention by describing the 
claimed invention with all of its limitations using such descriptive means as 
words, structures, figures, diagrams, and formulas that fully set forth the claimed 
invention. Lockwood v. American Airlines, Inc., 107 F.3d 1565, 1572, 41 
USPQ2d 1961, 1966 (Fed. Cir. 1997). Possession may be shown in a variety of 
ways including description of an actual reduction to practice, or by showing that 
the invention was "ready for patenting" such as by the disclosure of drawings or 
structural chemical formulas that show that the invention was complete, or by 
describing distinguishing identifying characteristics sufficient to show that the 
applicant was in possession of the claimed invention. See, e.g., Pfaff v. Wells 
Elecs., hic, 525 U.S. 55, 68, 119 S.Ct. 304, 312, 48 USPQ2d 1641, 1647 (1998); 
EU Lilly, 1 19 F.3d at 1568, 43 USPQ2d at 1406; Amgen, hic. v. Chugai 
Pharmaceutical, 927 F.2d 1200, 1206, 18 USPQ2d 1016, 1021 (Fed. Cir. 1991) 
(one must define a compound by "whatever characteristics sufficiently distinguish 
if). "Compliance with the written description requirement is essentially a fact- 
based inquiry that will 'necessarily vary depending on the nature of the invention 
claimed.'" Enzo Biochem, **>323 F.3d at 963<, 63 USPQ2d at 1613. 
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Accordingly, nucleotide sequence information is unnecessary to establish possession of 
the invention. In Enzo Biochem. Inc. v Gen-Probe Inc., 63 USPQ2d 1609 (Fed. Cir. 2002), the 
Federal Circuit expressly held that the patentee was not required by §1 12, first paragraph, to 
disclose the nucleotide sequences of claimed nucleic acid probes as long as they were able to 
demonstrate possession of the probes in another way. The court distinguished Eli Lilly (see 
above) because in that case the specification "did not show that the inventors had possession of 
human insulin cDNA." The inventors had isolated only the rat cDNA, but tried to claim the 
human cDNA, when they had not succeeded in cloning it. The issue was not whether they had 
sequence information, but whether they had any information to establish possession of the gene. 

In Fiers v. Sugano, 25 USPQ2d 1601 (Fed. Cir. 1993), the party (Fiers) to an interference 
was trying to establish priority to a gene claim. Since Fiers was not the first to clone the gene, 
they unsuccessfully argued that they had conceived a method of obtaining it, and that this was 
adequate to show conception of the gene. In rejecting their argument, the court expressly did not 
require that they have the gene sequence, as long as they had a physical characteristic of it which 
would prove they had it in hand. In reaching this conclusion, the court relied on Amgen Inc. v. 
Chugai Pharmaceutical Co,, 927 F,2d 1200, 18 USPQ2d 1016 (Fed. Cir. 1991): "An adequate 
written description of a chemical invention also requires a precise definition, such as by 
structure, formula, chemical name, or physical properties, and not merely a wish or plan for 
obtaining the chemical invention claimed." As discussed above, promoter genomic DNA of the 
apo C-in gene was available prior to the filing date. Its nucleotide sequence information is not 
needed in the present application since the claimed elements were clearly in applicant's 
possession. 

Withdrawal of the rejection is therefore respectfully requested. 

In view of the above remarks, favorable reconsideration is courteously requested. If there are 
any remaining issues which could be expedited by a telephone conference, the Examiner is 
courteously invited to telephone counsel at the number indicated below, 
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The Commissioner is hereby authorized to charge any fees associated with this response or 
credit any overpayment to Deposit Account No. 13-3402. 
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To better understand the mechanisms that determine 
cell type-specific gene expression, we have examined 
the transcriptional activity of a 13-nucleotide long 
sequence element, designated C3P, located in the pro- 
moter of the apoCni gene. We demonstrate that this 
element is required for high levels of apoCIII gene 
expression in hepatic cells and is sufficient to deter- 
mine hepatic specific expression when introduced into 
a heterologous promoter. A protein was identified in 
hepatic cell nuclear extracts, designated AF-1, that 
binds to this sequence and is presumably responsible 
for its transcriptional activity in hepatic cells. Even 
though the C3P element is not active in HeLa cells, a 
protein with C3P binding specificity was identiHed in 
HeLa cell nuclear extracts. While the HeLa protein is 
similar to the hepatic AF-1 in its binding speciHcity 
and relative abundance, it has approximately twice the 
molecular weight of the hepatic protein, indicating that 
they are different proteins or different forms of the 
same protein. A variety of murine tissue types» includ- 
ing those that do not express the apoCHI gene, were 
found to contain 03 P binding proteins. We conclude 
that the cell type-specific activity of the C3P element 
is not due to the absence of C3P binding proteins in 
nonexpressing cells but is the result of qualitative dif- 
ferences in C3P binding proteins in different cell types. 



The mechanisms that determine tissue-specific patterns of 
gene expression are not well understood. The regulation of 
hepatic specific transcription of the apolipoprotein CIII 
(apoCIII) gene provides a model for the examination of these 
mechanisms. The apoCIII gene belongs to the apolipoprotein 
gene family. These genes code for the major protein compo- 
nents of the lipoprotein transport system that distributes 
cholesterol and triglycerides throughout the body (reviewed 
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in Refs. 1-3). In vivo, the apoCIII gene is expressed primarily 
in the liver and to a small extent in the intestine (reviewed 
in Ref. 1). This cell type -specific pattern of expression is 
preserved in tissue culture cell lines, where transfected copies 
of the gene are expressed in HepG2 (hepatic) cells but not in 
HeLa (epithelial) cells (4). We have recently shown that the 
apoCIII gene promoter contains at least three regions that 
together determine transcriptional activity in transfected 
HepG2 cells (4). The proximal positive element contains a 
sequence motif (CAGGTGACCTTTG) that is found in the 
promoters of several apolipoprotein genes (4).^ 

In the current report, we demonstrate that this sequence 
motif, designated C3P, is essential for high levels of transcrip- 
tion in HepG2 cells and is sufficient to determine hepatic 
specific expression when inserted into a heterologous pro- 
moter. We have also identified a protein in hepatic cells, 
designated AF-1 (apolipoprotein factor), that binds to the 
C3P element and is presumably responsible for its activity in 
hepatic cell types. Surprisingly, a protein was observed in 
HeLa cell nuclear extracts with the same binding specificity. 
While the HeLa and hepatic proteins show the same DNA 
binding specificity and appear to be present in equivalent 
amounts, gel filtration chromatography demonstrated that 
the two proteins have distinct molecular weights, indicating 
that they are different proteins or different forms of the same 
protein. These results suggest that the differential activity of 
the C3P element in these two cell types is caused by qualita- 
tive differences in their respective C3P binding proteins. 
Nuclear extracts prepared from a variety of mouse tissues, 
including liver, were found to contain a C3P binding protein 
of similar size and relative abundance. We conclude that the 
cell type-specific activity of the C3P element is due to quali- 
tative differences in the C3P binding proteins in different cell 
types rather than their absence in nonexpressing cells. 

EXPERIMENTAL PROCEDURES 

The construction — 821WT contains the apoCIII promoter se- 
quences from —821 to -t-22 inserted into the CAT expression vector 
pKT (see Ref. 4 for construction). The mutant apoCHI template 
— 82lXh was constructed by the insertion of a Xhdl linker into a 
repaired BsiEII site at —84 in the wild-type apoCIII promoter. This 
resulted in the loss of 5 base pairs from —82 to —78 and their 
replacement by the 8-base pair Xhol linker. The vector pXT (see Fig. 
3) is derived from the CAT expression vector pCT (5) and contains 
the adenovirus major late promoter sequences from —50 to +33 
{stippled box) linked directly to 60 nucleotides of the SV40 early 
region noncoding leader sequence (SV40 sequences 5235 to 5175) 
(striped box). The heterologous promoter plasmids pXT.WTf and 
pXT.WTr were constructed by inserting a double-stranded oligonu- 
cleotide (oligo-WT, see below) in both orientations 60 nucleotides 
upstream from the start of major late transcription, Plasmids were 



* A. Melian, K. Reue, J. L. Breslow, and T. Leff, submitted for 
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prepared by double banding in cesium chloride and introduced to 
cells by the calcium phosphate precipitation method as described (4). 
To avoid possible interactions between apoCIII regulatory elements 
and other transcriptional regulatory elements, co-transfection of an 
internal reference plasmid was not used. Instead, each transfection 
experiment was repeated a minimum of six separate times, with at 
least two different plasmid preparations. CAT activity was deter- 
mined by the method of Gorman et al. (6), 

Nuclear extracts were prepared from tissue culture cells according 
to Dignam etal.{l) and from tissue essentially as described by Gorski 
et at. (8). Human liver tissue was obtained from the Liver Tissue 
Procurement and Distribution System at the University of Minne- 
sota. DNA binding reactions for the gel mobility shift assay were 
carried out in a total volume of 10 and contained 60 mM KCl, 20 
mM Hepes* (pH 7.9), 4% FicoU, 1 mM MgCU, and 1 of poly(dl-dC) 
(Pharmacia LKB Biotechnology Inc.). In addition each reaction 
contained 10,000 cpm (about 0.5 ng) of 5 '-end-labeled DNA probe 
and 1 of nuclear extract protein. Reactions were incubated for 20 
min at room temperature and analyzed by electrophoresis on a 5% 
polyacrylamide gel in 0.25 X THE (2.2 mM Tris-borate» 2.2 mM boric 
acid, 0.5 mM EDTA). Oligonucleotide competitors were added to 
binding reactions prior to the addition of extract (see figure legends). 
The sequences of the competitor oligonucleotides are as follows. 



Wild type 
.AC fcTGAti CTT. 



Oligo-WT 

(wild type) 

Oligo-Xh 
(mutant ) 



TCGAGCAGGTGACCTTTGCCCAGCGCCCTGGG 

CGTCCACTGGAAACGGCTCGCGGGACCCAGCT 

TCGAGCAGCCTCGAGGCTTTGCCCAGCGCCCTGGG 

CGTCGGAGCTCCGAAACGGGTCCCGGGACCCAGCT 



The relative amount of C3P binding activity in each extract was 
estimated using the gel mobility shift assay to titrate the amount of 
protein required to shift 200 pg of the oligo-WT probe to the AF-1 
position. All extracts were tested with the same probe preparation. 

DNase I footprinting templates were end-labeled as described in 
the figure legends and incubated with either albumin, as a control, or 
various amounts of nuclear extract in a 50-^1 reaction containing 20 
mM Hepes (pH 7.9), 60 mM KCl, 1 mM MgCU, 0.5 mM dithiothreitol, 
2% polyvinyl alcohol, 10% glycerol, and 1 Mg of poly(dl-dC). Some 
extracts contained a phosphatase activity that removed the ^^P label 
from the templates during the binding reaction. This activity was 
inhibited by including 0.04 mM ATP in the binding reaction. After 
15 min on ice followed by a 3-min incubation at room temperature, 6 
ng of DNase I (Worthington) in 50 ^1 of 5 mM CaCU. 1 mM EDTA 
was added and the incubation continued at room temperature for 
another 60 s. Digestion was stopped by the addition of 100 ^\ of 0.6 
M NaAc, 1% sodium dodecyl sulfate, 20 mM EDTA, and 100 Mg/ml 
glycogen. The DNA was phenol-extracted, precipitated with ethanol, 
and analyzed on a 6% polyacrylamide, 6 M urea sequencing gel. G-t-A 
sequencing ladders (9) of probe templates were run as markers. 

Chromatography on Superose 12 (HR 10/30 Pharmacia) was car- 
ried out at 4 "C at a flow rate of 0.25 ml/min. The column was 
equilibrated and eluted in a buffer containing 20 mM Hepes (pH 7.9), 
200 mM KCl, 1 mM MgClj, 0.1 mM EDTA. 17% glycerol, 5% ethylene 
glycol, 1 mM dithiothreitol, 0.4 mM phenylmethylsulfonyl fluoride, 
2.5 Mg/n^l each of leupeptin, chymostatin, antipain, and pepstatin. 

RESULTS AND DISCUSSION 

To characterize the role of the C3P element in determining 
transcriptional activity of the apoCIII gene, a small mutation 
in this element was introduced that replaced the five nucleo- 
tides between —84 and —78 with an 8-nucleotide Xhol linker 
(referred to as the Xh mutant). The CAT expression vector 
pKT containing wild- type or mutant apoCIII promoter se- 
quences from —821 to +22 was transfected into HepG2 and 
HeLa cells. The Xh mutation caused an 8-fold decrease in 
the transcriptional activity of the apoCIII promoter in HepG2 
cells (Fig. 1), indicating that C3P is required for normal 
hepatic expression of the apoCIII gene. Neither the wild-type 
nor mutant constructions were expressed in HeLa cells. 

To identify the proteins that interact with the C3P element, 
the wild-type and mutant templates described above were 
analyzed by the gel mobility shift and DNase I footprinting 

*The abbreviation used is: Hepes, 4-(2-hydroxyethyl)-l-pipera- 
zineethanesulfonic acid. 
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Fig. 1. The C3P element is required for hepatic expression 
of the apoCIII gene. Transcriptional activity of wild-type {WT) 
and Xh mutant {Xh) apoCIII promoters in transfected HepG2 and 
HeLa cells is shown. Constructions containing wild-type or mutant 
apoCIII promoter sequences (—821 to -1-22, with respect to the start- 
site of apoCIII transcription) cloned into the CAT expression vector 
pKT (4), were transfected into HepG2 and HeLa cells. CAT activity 
is presented relative to the wild-type construction and represents the 
averages of six experiments. Open boxes indicate previously described 
(4) positive and negative transcriptional elements in the apoCIII 
promoter. Boxed sequences represent nucleotides that differ between 
the wild-type and mutant templates. 

assays. A wild- type fragment of the apoCIII promoter (—110 
to +22) shows a single major shifted protein band on a 
mobility shift gel which does not appear when a template 
containing the Xh mutation is used (Fig. 2A, compare lanes 1 
and 2), These results demonstrate that the binding of a 
protein, designated AF-1 (apolipoprotein factor), correlates 
with the transcriptional activity of the C3P element. This 
protein is probably the trans-acting factor that determines 
the transcriptional activity of the C3P element. The binding 
of AF-1 to the wild- type template can be competed by the 
addition of an unlabeled oligonucleotide representing the C3P 
element but not by the addition of a similar oligonucleotide 
containing the Xh mutation (Fig. 2A, compare lanes 3 and 4). 
In addition, an apoCIII template extending to —82 bound the 
protein, while a template extending to only —77 did not (Fig, 
2A, lanes 5 and 6). These results indicate that the sequence 
between —82 and —77, which includes half of the C3P se- 
quence, is required for AF-1 binding. 

To precisely map the regions of the apoCIII promoter that 
interact with DNA binding proteins, we carried out DNase I 
footprinting analysis of a fragment of the apoCIII promoter 
with proteins from HepG2 nuclear extracts. The results of 
these experiments indicated that the region between positions 
—86 and —71 is protected by a DNA binding protein (Fig. 
2B). This protection can be competed by the wild-type oligo- 
nucleotide (Fig. 2B, lanes 2 and 4) and does not occur on a 
template containing the Xh mutation (Fig. 2B, lanes 9-11), 
indicating that the protein detected in the gel mobility shift 
assay is the same protein responsible for the —86 to —71 
footprint. 

The inactivity of the apoCIII promoter in HeLa cells makes 
it difficult to determine whether the C3P element has any 
effect, positive or negative, on transcription in this cell line. 
To address this question and to directly evaluate the cell type 
specificity of the C3P element, we analyzed its effect on 
transcription in a heterologous promoter construction that is 
expressed equally well in HepG2 and HeLa cells. An oligo- 
nucleotide representing the C3P sequence was inserted 60 
nucleotides upstream from the transcriptional start site of the 
adenovirus major late promoter in the CAT expression vector 
pXT. The presence of this element caused a 6-fold stimulation 
of pXT expression in HepG2 cells but had no significant 
effect on expression in HeLa cells (Fig. 3). These results 
confirm that the C3P sequence is a hepatic specific transcrip- 
tional regulatory element. 

Sequence elements similar to C3P appear in the promoters 
of several apolipoprotein genes (4, 10), including apoB. The 
observation that the C3P element is active in hepatic but not 
HeLa cells (Fig. 3) is supported by our recent results demon- 
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Fig. 2. A hepatic nuclear protein, AF-1, binds to the C3F 
element. A, gel mobility shift assay showing the interaction of AF-1 
with wild-t^'pc and mutant apoCIll promoters. Labeled DNA frag- 
ments? (0.5 ng) isolated from the apoCIII promoter were incubated 
with 2 /jg of mouse liver nuclear extract and analyzed by gel mobility 
shift a.s described under '*Experi mental Procedures.'* Templates 
(Te.nipL) are '^^P- labeled fragments of the apoClIl promoter contain- 
ing sequences from —110 to +22 isolated from wild-type ( WT) or Xh 
mutant {Xh) promoters and fragments containing sequences from 
~S2 to +22 {82) or -77 to +22 (77). Reactions shown in /aney 3 and 
4 also contained 50 ng of competitor (Comp) double-stranded oligo- 
nucleotides representing either the wild-tyj^e or mutant t\¥-\ binding 
sites (see "Experimental Procedures''), Arrow indicates AF-I com- 
plexes. B, DNase 1 footprinting analysis of AF-l binding to the C3P 
element. DiN'A templates (V-2 ng) isolated from wild-type iWT) or 
Xh jmitnnt {Xh) apoCin promoters (-220 to +22) were 5'-end- 
labeled with ^'^P at the downstreani end (+22), incubated with mouse 
liver nuclear extracts, and analyzed by DNase 1 footprinting as 
described imder '^Experimental Procedures/' The amount of protein 
in each reaction is indicated in at the top of each iane. Reactions 
shown in lanca 2-4 also contained as competitor 250 ng of oligonucle- 
otides representing either the wild-t>'pe or Xh nutrnm A.F-1. binding 
sites. 



sirating that a small (16 nucleotides) internal deletion in the 
apoB pronioter that removed the C3P homology caused a 20- 
fold reduction in the transcriptional activity of the promoter 
in transfected HepG2 cells (10). In addition, an oligonucleo- 
tide representing the part of the apoB promoter containing 



C0C3jSC;CCGTT TCCAGTGGACGtGCl 



o.a 



-56 



■30 



Fig. 3. The C3P element is sufficient to determine hepatic 
specific transcriptional activity. Constructions containing the 
C3P element inserted in the forward {pXT.WTf) or reverse 
(pX7\ WTr) orientations upstream of the adenovirus major late pro- 
moter in the CAT expression vector pXT were transfected into 
HepC12 and HeLa cells. Transcriptional activity is presented relative 
to the activity of the pXT construction (jio insert) in each ceil type 
and represents the average of six experiments. 

the C3P homology stimulated transcription from a heterolo- 
gous promoter over 10-fold in HepG2 cells and had very little 
effect on transcription in HeLa cells. These results demon- 
strate that the C3P element is a hepatic specific transcrip- 
tional regulatory element in at least two apolipoprotein gene 
promoters. 

The transcriptional specificity of the C3P element must be 
dtte to differences in the protein factors that interact with 
this sequence in hepatic and non hepatic ceils. One possibility 
is that HeLa cells do not contain a G3P binding protein. To 
test this hypothesis DNase I footprinting was carried out with 
HeLa cell nuclear extracts. SiirprivSingly, a protein is present 
in Hel^a cells that gives a qualitatively identical footprint to 
that observed with either HepG2 or mouse liver nuclear 
extracts (Fig. 4.4). The presence of a protein in HeLa cells 
that specifically interacts with the C3P element was con- 
firmed by the mobility shift assay using oligonucleotides 
representing the wild- type and Xh mutant sequences as tem- 
plates (Fig. 4B, lanes 1-6). These results, combined with the 
activity measurement (Fig. 1), suggest that while proteins in 
both HeLa and HepG2 cells interact with the 03 P element, 
only the hepatic protein can activate transcription. 

To further characterize the C3P binding proteins in these 
two eel! types, nuclear extracts were chromatographed on a 
Superose 12 gel filtration column (Fig. 5A) and the molecular 
weight of the G3P binding activity determined by comparison 
v^'ith the elution of standard proteins (Fig. SB). The C3P 
binding activity present in the HeLa extract eluted at a 
molecular mass of 240 ± 48 kDaj while the HepG2 activity 
eluted at 133 ± 28 kDa (Fig. 5 and Table I). HepG2 ceils also 
contained a minor species with an apparent molecular mass 
of 240 ± 48 kDa (visible in the gel mobility shift pattern 
shown in the center panel marked HepG2, Fig, 5). This was 
not peculiar to HepG2 cells, as nuclear extracts of human 
liver tissue showed the same pattern (data not shown). These 
results suggest that HepG2 and HeLa cells contain different 
C3P binding proteins or substantially different forms of the 
same protein. The relative concentrations of C3P binding 
activity in HeLa and HepG2 cells (as measured by the gel 
mobility shift assay) were found to be roughly equivalent 
(Table I). Together, these results suggest that the differential 
activity of the G3P element is due to qualitative rather than 
quantitative differences in the C3P binding proteins found in 
these two cell types. 

The G3P binding proteins found in HepG2 and HeLa cells 
could represent products of distinct genes that share DNA 
sequence specificity for binding but have different transcrip- 
tional activities. It is also possible, since the molecular weight 
of the HeLa protein is about twice that of the HepG2 protein, 
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Fig. 4. C3P binding proteins are present in a variety of cell 
and tissue types. A, DNase I footprinting analysis of C3P binding 
proteins in hepatic and HeLa cell nuclear extracts. DNA templates 
isolated from wild-t>pe apoCIll promoter and labeled as in Fig. 2 
were incubated with mouse liver \Lw), HeLa cell {HbIm), or HepG2 
iHp02) nuclear extracts as indicated and analyzed by DNase I foot- 
printing as described under "Experimental Procedures/* Lnne / is a 
G+A sequencing ladder of the same template. Boxed nucleotides 
represent sequences protected from DNase activity in each of the 
three extracts. B, gel mobility shift assay of C3P binding activity in 
nuclear extracts prepared from a variety of cell and tissue types. 
Labeled DNA templates (0.2 ng) were either oUgo-WT {WT) or oligo- 
Xb iXh) as indicated. Extracts were prepared from HeLa ceils 
{HeLa), mouse liver (Liu), HepG2 {HpG2), rat hepatoma cells RH7777 
(7777)» mouse spleen tissue iSpln), mouse kidney tissue {Kid)y human 
colonic cell line CaCo-2 {CaCo), mouse proximal intestine tissue (Jnt 
Prx), and mouse distal intestine tissue {Int Dst). 

that the same protein is present in both cell types but appears 
only as a dimer in HeLa cells- In this case, the 240-kDa 
species seen in the HepG2 extract (Fig. bA, HepG2 gel mobility 
shift panel) vvould suggest that a fraction of AF-1 in HepG2 
cells is also present as a dimer. The HeLa and hepatic proteins 
could be products of the same gene but differentially modified 
to influence their ability to form dimers and their transcrip- 
tional activity. These modifications could include phos- 
phorylation or glycosylation, both of which have been shown 
to occur on transcription factors (for examples see Refs, 11 
and 12). Finally, the size differences could be artifacts of 
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Fig. 5. C3P binding proteins from HepG2 and HeLa cells 
have different molecular weights. A, nuclear extracts prepared 
from HepG2 cells (0,7 mg) or HeLa cells (l.l mg) were chromato- 
graphed on a Superose 12 column (HR 10/30, Pharmacia) as described 
under "Experimental Procedures.*' Fractions were analyzed by the 
gel mobility shift assay using oUgo-WT as the labeled probe. The 
regions of the mobility shift gels containing the shifted bands are 
shown below panel A for fractions 11-20. Binding activity (determined 
by densitometric scanning of mobility autoradiograms) was normal- 
ized to the highest amount of activity in each extract. The HepG2 
profile represents only the major species seen on the gel mobility 
shift pattern. B, the column was calibrated by consecutive runs with 
the following molecular weight markers: apoferritin (443,000), ^- 
amylase (200,000), alcohol dehydrogenase {ADH) (150,000), bovine 
serum albumin (EiSA) (66,000), and carbonic anhydrase (anhydrose) 
(29,000). Ve is the elution volume of the protein and V„ is the void 
volume of the column. Arrows indicate the location of activity peaks 
of HeLa and HepG2 extracts as indicated. 

extract preparation, and the active forms of the protein in 
HeLa and HepG2 cells might be identical. In this case, their 
activities could be influenced by their interaction with pro- 
teins unique to that cell t^^pe. Purification and characteriza- 
tion of C3P binding proteins from HepG2 and HeLa cells will 
resolve these different possibilities. 

To determine if 03 P binding activity is present in other 
tissues, nuclear extracts were prepared from a variety of cell 
and tissue ty^^es and assayed by the gel mobility shift assay 
using wild-tyjje and Xh mutant templates. The cell and tissue 
types tested include those that express the apoCfll gene (liver 
and intestine) and those that do not (spleen and kidney). The 
results shown in Fig. 4B demonstrate that every extract tested 
contained a protein that bound to the wild -type but not to 
the mutant sequence. In addition, the relative quantity of 
C3P binding activity in each extract was found to be roughly 
equivalent (Table I). The C3P binding activity in each of 
these extracts was further analyzed by DNase I footprinting 
on the GUI promoter template. Each extract protected the 
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Table J 

Characterization of C3P binding activity in varioius cell and tisiiue 

extracts 



bx tract source 


Molecular mass* 


Specific activity 




kOa 


unit/mg extract 


Tissue culture ceib 






HepG2 


133 ± 28 


180 


HeLfi 


240 ± 48 


160 


Mouse 






Liver 


117 ± 23 


670 


Kidney 


110 ± 23 


820 


Spleen 


125 ± 25 


<i 


Proximal small intestine 


110 ±23 


700 


Distal small intestine 


1 10 ± 23 


740 


Rat liver 


125 ± 23 


ND*- 


Human liver 


133 ± 27 


ND 



** Tissue extracts were prepared by the method of Gorski et ai (B) 
and tissue culture cell extracts by the method of Dignam et al (7). 

* Molecular mass of the major form in each extract was determined 
as described in the legend to Fig. 5. Figures represent the average of 
two or three runs. 

^ One unit of binding activity is defined as the amount of protein 
required to shift 200 pg of probe in a standard mobility shift reaction 
(see ''Experimental Procedures*'). 

Spleen extract contained a nticlease or phosphatase activity that 
made accurate activity measurements by this method impossible. 

*' ND, not determined. 
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Fig. 6. C3P binding proteins in different tissues give the 
same footprint. Nuclear extracts were prepared from various mouvse 
tissues and used in DNase I footprinting reactions of the apoCIil 
promoter. The amount of extract in micrograms is indicated at the 
top of each lane for liver i,Liu)j kidney {Kid), spleen {Spl), proximal 
small intestine {Int Prx), and distal small intestine {Int Dst) nuclear 
extracts. The template is a fragment of the apoCIll promoter con- 
taining sequences from +22 to -220 5 '-end-labeled at +22. 

same region of the template as the liver AF-1 protein (Fig. 6), 
suggesting that each tissue contains an equivalent C3P bind- 
ing activity. 

As in the comparison between HepG2 and HeLa cells, the 
differences in mobility of the C3P binding activity-DNA 
complexes in the various mouse tissue extracts suggest qual- 
itative differences in their DNA binding proteins. However, 
in contrast to the HepG2 and HeLa observations, the molec- 
ular weights of the C3P binding proteins in each mouse tissue, 
as determined by the gel filtration chromatography, were 



Table O 

C3P element sequence similarities in other genes 



Gene* 


location* 




Ref. 


ApoCIil (h) 


-ao 


AO GTG ACCTTPG 


4 


ApoB (h) 


-82 


AGGcGcCClTTG 


10 


ApoB (h) 


-69 


GACCTTTG 




ApoAl (h) 


-135 


AGcTGAtCCTT-G 


24 


ApoCII (h) 


-157 


AcGTGACCTT-G 


25 


c't 1 - A n ti t rvnsi n f h ^ 


-86 


sGGTGACC'IT-G 


18 


ivi y u g 1 o u 1 11 \ 11 1 




KvJvJi i. \Jtr\\-,'V^ 1 1 1 \jt 




b-Protem (h) 


—136 


AtGTGACGTTTG 


27 


IntCvStinal FABP (h) 


-847 


tGGTGACCTTTt 


28 


O X >'i: oc i n - n e u r<:> - 


-165 


cGGTGACCrr-G 


29 


physin (h) 








Transthyretin (m) 


-1.9 kb 


tOaTGACCcTTG 


17 


D-Fibrinogen (r) 


-510 


AGGTGACCm^ca 


30 


Parotid secretory 


-134 


gGGTGACCTTTG 


31 


protein (m) 








Acyl-CoA oxidase (r) 


-574 


AcGTGAGCTTTG 


32 



" Criteria for inclusion in the table were that the similar sequence 
occurred within 2 kilobases of the transcriptional start site on either 
strand and in a noncoding region of the gene. Species of origin is 
given in parentheses: h, human; r, rat; m, mouse. FABP, fatty acid 
binding protein. 

^ Location of the first nucleotide of the sequence shown in the 
third column relative to the start of transcription. 

Sequences are shown 5' to 3\ Matches to the C3P sequence are 
shown as upper case letters. 

similar, between 110,000 and 125,000 (Table I). The signifi- 
cance of the size difference between the human and mouse 
activities and between expressing and nonexpressing cell 
types is not understood and can only be investigated by 
purification and characterization of the proteins involved. 

The presence of proteins in different cell types that share 
DNA binding specificity but differ in transcriptional activity 
has been observed in other systems. The trans-acting proteins 
OTF-1 and OTF-2 bind to the same oc tamer recognition 
sequence but are distinct proteins with different molecular 
weights and different activities (13-15). OTF-2 is found only 
in lymphocytes and activates transcription of some immuno- 
globulin genes by binding to the octamer sequence in their 
promoters. OTF-i is found in a variety of other cell types and 
while it recognizes the same octamer sequence it does not 
activate transcription of immunoglobulin genes (13, 16). 

The apoCIIl gene is a member of the apolipoprotein gene 
family (3), the products of which are important components 
of the lipoprotein system that transports triglycerides and 
cholesterol throughout the body and regulates their levels in 
the serum (1, 2). Four members of this gene family (including 
apoCIO) contain C3P sequence homologies in their promoter 
regions (Table II). We have recently determined that AF-1 
interacts with these apolipoprotein genes,^ and we believe that 
AF-1 is a' major determinant of apolipoprotein gene expres- 
sion, A search of the GenBank for homologies to the C3P 
sequence element (CAGGTGACCTTTG) revealed homolo- 
gies in the promoters of several mammalian genes in addition 
to the apolipoprotein genes (Table II). The homologies iden- 
tified in the transthyretin and «i -antitrypsin genes are nota- 
ble in that they reside in transcriptionally active regions of 
the promoter (17, 18). Cross-competition experiments with 
an oligonucleotide containing the transthyretin homology in- 
dicated that AF-i can bind to these sequences.^ A protein has 

T. Leff and R. Costa, unpublished observations. 
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been identified from rat liver that interacts with the Ofi- 
antitrypsin homology (12), but its relationship to AF-1 has 
not been determined. Other well characterized genes ex- 
pressed in the liver, including albumin and a-fetoprotein, do 
not contain similar sequences (19-23), suggesting that AF-1 
does not interact with these promoters. In addition, oligonu- 
cleotides containing the binding site sequences of the tran- 
scription factors HNF-l, C/EBP. and HNF-3 (17) did not 
compete for AF-1 binding sites (data not shown). These 
results indicate that AF-1 is a distinct protein from these 
hepatic transcription factors. 

Although the transthyretin and ai-antitrypsin genes are 
expressed in the liver as are the apolipoprotein genes, C3P 
sequence similarities were found in genes that are expressed 
in a wide variety of tissues (Table II), including pituitary 
(ox3rtocin-neurophysin), muscle (myoglobin), parotid (parotid 
secretory protein), and intestine (fatty acid binding protein). 
Although the significance of these sequence similarities is 
difficult to evaluate, they suggest that AF-1 may have a 
transcriptional role in a variety of tissue types. Purification 
and characterization of C3P binding proteins from HepG2 
and HeLa cells and from different tissues will clarify its cell 
type-specific transcriptional activity and its role in regulating 
tissue-specific expression of the apolipoprotein genes. 

Acknowledgments — We would like to thank Dr. Jonathan Smith 
for providing the pXT construction and Alexandra McNear and 
Lorrain Duda for help in preparing the manuscript. 
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Apolipoprotein Cm (apoCIII) is a major protein con- 
stituent of triglyceride-rich lipoproteins and is synthe- 
sized primarily in the liver. Cis-acting DNA elements 
required for liver-speciHc apoCIII gene transcription 
were identified with transient expression assays in the 
human hepatoma (HepG2) and epithelial carcinoma 
(HeLa) cell lines. In liver cells, 821 nucleotides of the 
human apoCIII gene 5'-flanl£ing sequence were re- 
quired for maximum levels of gene expression, while 
the proximal 1 10 nucleotides alone were sufHcient. No 
expression was observed in similar studies with HeLa 
cells. The level of expression was modulated by a com- 
bination of positive and negative cis-acting sequences, 
which interact with distinct sets of proteins from liver 
and HeLa cell nuclear extracts. The proximal positive 
regulatory region shares homology with similarly lo- 
cated sequences of other genes strongly expressed in 
the liver, including ai-antitrypsin and other apolipo- 
protein genes. The negative regulatory region is strik- 
ingly homologous to the human /9- interferon gene reg- 
ulatory element. The distal positive region shares ho- 
mology with some viral enhancers and has properties 
of a tissue-specific enhancer. The regulation of the 
apoCIII gene is complex but shares features with other 
genes, suggesting shuffling of regulatory elements as a 
common mechanism for cell type-specific gene expres- 
sion. 



The apolipoproteins are a class of lipid binding polypeptides 
which transport cholesterol, triglycerides, and phospholipids 
in the plasma in the form of lipoprotein particles. In addition 
to their function in determining lipoprotein structure, some 
apolipoproteins regulate plasma enzymes involved in lipid 
metabolism or mediate uptake of lipoproteins in tissues by 
serving as ligands for cell surface receptors (1). Defects in 
apolipoprotein structure or bios3nithe8is may contribute to 
disorders of the plasma lipid transport system and develop- 
ment of coronary artery disease. 
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Apolipoprotein CIII (apoCIII)^ is a major protein constitu- 
ent of the triglyceride-rich lipoproteins and is present in 
increased concentration in the plasma of hypertriglyceridemic 
individuals (2). In vitro, apoCIII has been shown to inhibit 
the hydrolysis of lipids by lipoprotein lipase (3, 4), an enzyme 
involved in the clearance of triglyceride-rich lipoproteins. 
ApoCIII has also been found to decrease uptake of triglycer- 
ide-rich particles by perfused rat liver (5) and to reduce 
clearance of modified lipoprotein particles in cebus monkeys 
(6). ApoCIII is expressed primarily in the liver (5), and 
although its precise role in vivo remains unclear, apoCIII is 
thought to be involved in the catabolism of triglyceride-rich 
lipoproteins. Thus, quantitative or qualitative defects in 
apoCIII expression may contribute to the occurrence of hy- 
pertriglyceridemia or other dysUpoproteinemias. 

The gene for apoCIII is a member of a dispersed gene family 
(7, 8) and is tandemly linked to genes for both apoA-I and 
apoA-IV in the human (9) and rat genomes (10). In this study, 
we examined the role of 5 '-flanking sequences in determining 
the levels and tissue specificity of apoCIII gene expression. 
We introduced hybrid genes containing portions of the 
apoCIII promoter ligated to a reporter chloramphenicol ace- 
tyltransferase (CAT) gene into human hepatic and nonhepatic 
cell lines to map cis-acting DNA elements which regulate 
apoCIII transcription. Both positive and negative regulatory 
sequences identified in this manner were further examined 
for their ability to interact with nuclear proteins from express- 
ing and nonexpressing cell types by electrophoretic mobility 
shift analysis. Regulatory sequences discovered upstream of 
the apoCIII gene appear to share homology and/or functional 
similarity with previously characterized regulatory elements 
from a variety of other genes, suggesting that similar mecha- 
nisms may regulate expression of genes within the apolipo- 
protein family and beyond. 

EXPERIMENTAL PROCEDURES 

Plasmid Constructions — The vector pKT (Fig. 2) was constructed 
by inserting the bacterial chloramphenicol acetyl transferase (CAT) 
gene into pUClS between the HindlW and AatW sites, adjacent to the 
intact polylinker. The promoterless CAT gene insert was isolated 
from the plasmid pSVOCAT (11) as a HmdIII-BamHI fragment 
containing the complete CAT coding sequence followed by SV40 
splice and polyadenylation sequences. The plasmid pKTSV was pro- 
duced by insertion of a 366- nucleotide Kpnl-/ftndIII fragment from 
pAW2 (12) into the Kpnl and HindSll sites in the polylinker of pKT 
(Fig. 2). 

ApoCIII-CAT hybrids were derived from pKT and the previously 
characterized genomic clone apoAI-6 (13). pKTCIII was constructed 
by inserting into the Smal site of the pKT polylinker an £^coRI-Pi;uII 
fragment (generated from a partial £!coRI digest of the apoAI-6 clone) 



^ The abbreviations used are: apo, apolipoprotein; bp, base pairs; 
Hepes, 4-(2-hydroxyethyl)-l-piperazineethane8ulfonic acid; CAT, 
chloramphenicol acetyltransferase; IRE, interferon gene regulatory 
element. 
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containing the apoClII 5 '-flanking DNA from -2200 to nucleotide 
+24 (located in the untranslated first exon). The —1250 construction 
was made by inserting the EcoRl-PvulI fragment extending from 
-1250 to +24 of the apdCIII gene into the Smal site of pKT. This 
construction served as the starting material for subsequent construc- 
tions. Deletion mutants with endpoints at -685» -210, -110, and 
—68 were produced by digestion of the —1250 construct with restric- 
tion enzymes Stul, SocI, M$tll, and BstXl, respectively. All other 
deletions were produced by digestion with Bal31 nuclease and result- 
ing endpoints determined by dideoxy sequencing as described by 
Chen and Seeburg (14). 

The plasmid pXCT (gift of J, Smith) contains a hybrid promoter 
consisting of a portion of the adenovirus 2 major later promoter (—50 
to +33) and 58 bp of SV40 untranslated Leader sequence (SV40 map 
units 6227 to 5171) located immediately upstream of the CAT gene 
in pKT (Pig. 5B). This plasmid was constructed by inserting a 141- 
nucleotide HindlU-Pstl fragment from pSVA677 (15) into the corre- 
sponding pKT polylinker sites. In addition, a 499-bp SaCi fragment 
from phage X has been inserted upstream of the hybrid promoter to 
serve as a spacer between the promoter and test fragments. ApoCIII 
sequences were inserted at the Sacl site of the pXCT polylinker 
located upstream of the spacer fragment (see Pig. 5B). 

Cell Culture and DNA Tnmsfection — Cells were maintained in 
Dulbecco's modified Eagle's medium supplemented with 10% 
(HepG2) or 5% (HeLa) fetal calf serum and plated in 60-mm culture 
dishes at approximately 25% confluence for DNA transfection. Plas- 
mids were prepared by double banding in cesium chloride and intro- 
duced to cells by the calcium phosphate precipitation method (16). 
To avoid possible interactions between apoCIII regulatory elements 
and other transcriptional regulatory elements, co-transfection of an 
internal reference plasmid was not used. Instead, each transfection 
experiment was repeated a minimum of eight separate times, with at 
least two different plasmid preparations. 

When cells had reached 80% confluence (usually 48 h after trans- 
fection) they were harvested, disrupted by freeze-thawing, and protein 
concentration of extracts were determined. CAT assays were per- 
formed on protein equivalents of each sample by the method of 
Gorman et al. (11). CAT activity was quantitated by scintillation 
counts of spots from chromatograms to determine the proportion of 
chloramphenicol substrate which had been converted to an acetylated 
product by the CAT enzyme. 

Nuclear Extrctct Preparation and Electrophoretic Mobility Shift 
Analysis — Nuclear extracts were prepared from HeLa cells according 
to Dignam et al. (17) and from &esh mouse liver by the method of 
Gorski et al. (18). Nuclear protein-DNA binding reactions (19) were 
carried out in a volume of 20 fi\ containing 60 mM KCi, 20 mM Hepes 
(pH 7.9), 4% Ficoll, and 4 mM MgClz. Poly(dlC) was added as a 
nonspecific competitor, and a typical reaction contained 20^000 cpm 
(approximately 0.5 ng) of end-labeled DNA with 0.5-5.0 fig of extract 
protein as indicated. After addition of extract, samples were incubated 
at 20 "C for 30 min and immediately electrophoresed through a native 
4% polyacrylamide gel in 0.25 X TBE (2.2 mM Tris borate. 2.2 mM 
boric acid, 0.5 mM EDTA). For competition experiments, conditions 
were as above except that appropriate competitor DNA (as indicated) 
was included in the reaction mixture prior to addition of extract. 

RESULTS 

To facilitate the study of apoCIII gene expression, v^e 
extended the previously reported sequence to include 821 base 
pairs upstream of the transcription initiation site (Fig. 1). A 
portion of the apoCIII gene from approximately —2200 to +24 
(relative to the start site of transcription) was cloned imme- 
diately upstream of the CAT gene coding sequences in the 
plasmid pKT (pKTCIII, Fig. 2A). To identify DNA sequence 
elements important for transcription, a series of deletion 
mutants extending from —2200 toward the start site of tran- 
scription was constructed (Fig. 2B ). These mutant construc- 
tions were introduced into both HepG2 (human hepatoma) 
and HeLa (human epithelial) cells by the calcium phosphate 
co-precipitation method and transient expression of CAT 
enzjonatic activity measured. In each experiment, replicate 
Petri dishes of cells were also transfected with pKT as a 
negative control, or with pKTSV (an SV40 early promoter/ 
CAT construct. Fig. 2A) as a positive control. In addition to 



- B 2 1 CCTCTTCCCCCACCCCCACTCACGAACCCAGGAACGTCAACCACACAATCACTCCTCGTG 

- 761 CCGCCTCCTCCCCCAGGGATCTrATCACTCCCTCCACACCGCAAAATAGGGACCCTCCTG 

- 701 GAGGGAGCGGCAAAGCCCTCCCCCTCTCACCCCCCTTGCGCTTCTCCACCAACCCCTGCC 
• 6U I CTACACTCAGGGCGAGGCGCCGCTCGGCCACACACGGTCCGCCCCCCTGGCCGCCTCCTG 
- 5fl 1 GGTCAGCAGCACTCCCCTCCCTGCATTCAAACCCAGAGATGCACCTCCTCCCACGCCCTC 

- 5 2 1 TGACCTCAGCCCTCTAACCACCCCTTGCCAGCCACTCATGCCCGCTCTTCTGTGCCTTTA 
- 4 6 1 CTCCAAACACCCCCCAGCCCAAGCCACCCACTTGTrCTCAACTCTGAAGAAGCCCCTCAC 
- ^01 CCCTCTACTCCACGCTCTCTTCACGCCTTCCCCCTGCTGCACGGACGGCCCTCAAATTCC 
- i4 1 AGTCTCAAACCCTCAGATCCGCCCGAGCCCTGCCCTATCTCCAACCCATrrCCCCTCTCA 

- 2 8 1 CC ACCCTCTCCCTCCCCAGCCAGTCACCTACGAACCAATGACCCTCCCCAGGCCCACCCC 

****** * * * * 

AACGCTTCTCCCCTGACTCTTTTCCTGTCTCACCAGTCTCATCCACGCAG R 

- 2 2 1 CACTTCCTCAGCTCATCTCCGCTGCACGGCTGGCGGGACACCAGCGTGGACTCAGTCTCC 

* ** * ** ♦ * **** * 

GTCACTACCTGATCTCTCTTCGCTCCCCAGCTGCAACTCAACCCTCTGCCCAATCTCT- - R 

- 16 1 TACCCATTTCCCAACTC - - - TCCCCCCCGCTTCC - TCCATCTGGACACCCTGCCTCAGGC 

********* ****««• * * « * **•* *•* * « 

GACGC ATTTCTCAACTCCTCTGCCACCTCGCTCCATCGCCTCCCTCCCTCCGCCTCTCG - R 

- 105 CCTCATCTCCACTCGTCACCACGTGACCTTTCCCCAGCGCCCTGGC- • -TC-CT-CAGTC 

** **** ***********^**** ***** * ***** * * 

TCTG CACTCTTCACCACGTCACCTTTCACCAGCTCACTCCGCCTTCTCTCCCCGC R 

- 50 CCTCCTGCCCTGGACATCATATAAAACAGCTCACAACCCTCCTGCCTCTC'r' 
* * ******* *********** **** * * *** * ** * 

TCTCCCATCCTGGAGCCAATATAAAACACATCAG-AGCGTCCCGGCTTGC* R 

Fig. 1. Nucleotide sequence of human apoCIII gene 6'- 
flanking region and alignment with available sequence data 
for corresponding region of rat apoCIII gene. The sequence 
presented for human apoCIII confirms that previously reported (to 
position —192, see Ref. 38) and extends to 821 nucleotides upstream 
of the start site of transcription (indicated by arrows). The rat 
sequence (R) (10), has been aligned for maximum homology. Numbers 
refer to nucleotide positions of the human sequence with respect to 
the start site of transcription. An asterisk indicated identity between 
human and rat sequence. 

CAT activity determinations in selected experiments, correct 
mRNA initiation was demonstrated by primer extension of 
RNA isolated from cells transfected with the pKTCIII con- 
struction and many of the deletion mutants (data not shown) . 
Primer extension also demonstrated that the relative levels 
of CAT mRNA for the mutants tested parallels the amount 
of CAT enzyme detected. 

The positive control pKTSV was expressed in both HepG2 
and HeLa cells, whereas the pKT plasmid was expressed in 
neither cell type. The apoCIII- CAT hybrids were expressed 
in HepG2 cells at varying levels depending on the amount of 
apoCIII 5 '-flanking DNA present (see below), while expres- 
sion of these hybrids in HeLa cells did not exceed the back- 
ground level for pKT. This complete inactivity of apoCIII- 
CAT hybrids in HeLa cells was not due to a lower transfection 
efHciency for these cells, as expression directed by the viral 
promoter of pKTSV was actually higher in HeLa than in 
HepG2 cells. In the HepG2 cells, successive deletion of 
apoCIII upstream sequences revealed that multiple cis-acting 
DNA sequence elements contribute to the regulation of 
apoCIII transcription. Successive deletions (see Fig. 2B), ex- 
tending from —2200 to —821, revealed a relatively weak posi- 
tive element (—2200 to —1250) and a weak negative element 
(—1250 to —1100) each of which modulates expression by 2- 
3 -fold. Between —821 and —685, there appears to be a very 
strong positive element, the deletion of which decreases 
expression 20-fold. Interestingly, between —220 and —110 
there is a strong negative element which when deleted resulted 
in an 8-fold increase in expression. Finally, between —110 and 
—68 there is another positive element which has at least a 5- 
fold effect on apoCIII gene transcription. We have character- 
ized in detail these last three regions. 

ApoCIII Proximal Positive Element (-110 to To 
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Fig. 2. Structure and expression of apoCHI-CAT hybrid constructions. A, structure of plasmid vector 
pKT and derivatives. pKT (see "Experimental Procedures'*) contains the entire CAT gene coding sequence 
Oiatched region) and SV40 splice site and poly adenylat ion signal {stippled region) inserted into the pUClS 
polylinker {solid region). pKTCIII contains human apoCIII gene sequences from —2200 to +24 (relative to the 
start site of transcription) ligated into the polylinker of pKT. pKTSV contains SV40 early promoter sequences, 
including the two 72-bp and three 21-bp repeats {open boxes), inserted into the pKT polylinker. Solid boxes and 
arrows in pKTCIII and pKTSV represent exonic sequences and transcription start sites, respectively. B, stimulation 
of CAT gene expression by apoCIII 5 '-flanking DNA sequences. A series of plasmids containing deletions in the 
5 '-flanking DNA were constructed from pKTClll and their activity in HepG2 cells determined as described under 
^^Experimental Procedures." Activities are expressed relative to that achieved with the —821 construction and 
represent the mean of at least eight separate transfections; variation between experiments in expression of apoClII- 
CAT hybrids relative to pKTSV did not exceed 20%. A representative GAT assay is shown with unreacted 
chloramphenicol (CM) and acetylated products {CM-Ac) indicated. No expression was observed in HeLa cells. 
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characterize the proximal positive element, the region be- 
tween —110 and —68, was subdivided by a series of small 
deletions extending toward the start-site of transcription from 
the —110 5' end point. The end points and expression levels 
(relative to the —110 constructions) of these mutants in 
HepG2 cells were: -110 (100%); -96 (44%); -82 (44%); -77 
(24%); and —68 (16%). These results suggest that the proximal 
positive element consists of two separate regions (—110 to 
—96 and —82 to —77) which contribute additively to the level 
of apoCIII gene transcription in HepG2 cells. These results 
are supported by the observation that these two regions share 
strong sequence homology to portions of the rat apoCIII gene, 
other apolipoprotein genes (B, A-I, A-IV), and another liver 
expressed gene, -antitrypsin (Fig. 1, Table I), 

We have also demonstrated a difference in binding pattern 
of nuclear proteins from liver and HeLa cells to the —82 to 
—77 DNA region. Utilizing the electrophoretic mobility shift 
assay we found that only a single protein from a liver nuclear 
extract bound to a radiolabeled apoCIII gene fragment ex- 
tending from —110 to +24 (Fig. 3, lane e). To further localize 
the region to which this protein binds, similar experiments 
were performed with radiolabeled apoCIII gene fragments —96 
to +24 {lane /), -82 to +24 {lane g), and -77 to +24 (lane h). 
The liver protein failed to bind when sequences between —82 
and —77 were deleted (Fig. 3, compare lanes e-g to lane h) or 
when an excess of unlabeled homologous DNA fragment was 
included as a competitor (not shown). We have designated 
the liver protein that binds to this transcriptionally active 
region liver protein-1 (LP-1). 

When the HeLa nuclear extract was used, no protein band 
with the same electrophoretic mobility as LP-1 is detected, 



although several HeLa- specific bands are visible (Fig. 3, lane 
a). Interestingly, one of these HeLa-specific proteins (Fig. 3, 
lanes a-c, arrow), which is only visible when high concentra- 
tions of nuclear extract are used, also does not bind when 
sequences between —82 and —77 are deleted (Fig. 3, compare 
lanes a-c to lane d). Thus, this HeLa protein and LP-1, while 
not identical proteins, require similar sequences for binding, 
suggesting that the cell type-specific activity of this region is 
due to differing activities of the two proteins. 

ApoCIII Negative Element (-210 to -iiO;— Further char- 
acterization of the negative element between —210 and —110 
was aided by the identification of a DNA sequence homolo- 
gous to a known regulatory element. The reverse orientation 
of the human apoCIII sequence from —160 to —149 is almost 
identical to a portion of the j^?-interferon gene regulatory 
element (Ref. 20, see Table I). In addition, although the 
human and rat apoCIII genes show very little homology 
between —210 and —110, the same putative regulatory region 
is conserved in 15 out of 16 positions between —160 and —145 
(Fig. 1). 

To verify the importance of this region, an eight-nucleotide 
linker was inserted at a restriction site between position —160 
and —159 (construction — 210A, Fig. 4A). In addition, Ba/31 
digestion was carried out at this restriction site to produce an 
internal deletion of sequences from —175 to —122 (construc- 
tion — 210B, Fig. 4A). Activity of the wild-type —210 construc- 
tion (Fig. 2) was then compared with the — 210A, — 210B, and 
— 110 constructions in transient expression assays in both 
HepG2 and HeLa cells (Fig. 4A). None of the mutations in 
the negative element resulted in apoCIII expression in HeLa 
cells. However, in HepG2 cells, the linker insertion resulted 
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Table I 

Homologies ofapoCJII 5' -flanking DNA with other gene regulatory elements 

Upper case letters indicate homology between the particular apoClll regulatory element and heterologous gene 
sequence. Sequence coordinates indicate position with respect to the start site of transcription and do not necessarily 
correlate with sequence coordinates presented in original references. 



Sequence Name Homology Reference 
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ApoCIII distal positive element 
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in a 2-fold increase and the deletion a 3-fold increase in 
expression when compared with the —210 wild-type construc- 
tion. In neither case, therefore, did expression levels equal 
that of the —110 construction. This may indicate incomplete 
disruption of the negative element by the linker insertion 
(-210A) and the deletion {-210B). To further explore tiie 
properties of the apoCIII gene negative element, the DNA 
fragment from —210 to —110 was inserted in both orientations 
into the pKTSV plasmid either immediately upstream of the 
SV40 72 -bp repeat enhancer or between the enhancer and the 
early promoter (21 -bp repeat) sequences (see Fig. 2A). In 
none of these constructions did the apoCIII gene negative 
element affect transcription. 

Utilizing the gei mobility shift assay, we have shown that 
nuclear extracts prepared from HepG2 and HeLa cells contain 
proteins that bind specifically to the apoCIII negative region. 
Radiolabeled apoCIII gene fragments isolated from the wild- 
type and the — 210A constructions (extending from —210 to 
+24) show similar binding patterns in the liver cell nuclear 
extracts (Fig. AB, compare lanes d~f to lanes g-i). However, 
the binding pattern of the analogous radiolabeled fragxnent 
from the — 210B mutant is missing two of the protein bands 
from the liver extract (Fig. 4^, compare lanes d-f to lanes m~ 
o) and one from the HeLa extract (Fig. 4B, compare lanes a~ 
c to lanes j-l). The mobility of this HeLa band corresponds 
to the mobility of one of the two liver bands. These results 
demonstrate that one protein unique to liver and one protein 
common to both liver and HeLa cells binds to the negative 
acting region between —175 and —122. 

These results were confirmed with the complementary ex- 
periment in which binding to the radiolabeled wild- type —210 
fragment was competed by unlabeled —210, — 210A, and 
—2 10 B templates. Both the wild -type and the — 2 lOA fragment 
competed for binding of all proteins retained by the —210 
fragment. In contrast, the — 210B fragment failed to compete 
for binding of these two liver proteins (data not shown). Thus, 
deletion of sequences homologous to the jS-interferon gene 
regulatory element both diminishes the effect of the negative 
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Fig. 3. Protein factors that bind to the apoCIIl proximal 
positive element. Labeled DNA fragments containing various por- 
tions of the apoCIII promoter were incubated with nuclear extracts 
prepared from HeLa (lanes a~d) (6.7 of protein /reaction) or mouse 
liver (lanes e-h) (2.5 ^g of protein /reaction) cells, and specific DNA- 
protein complexes were analyzed by the electrophoretic mobility shift 
assay (see "Experimental Procedures"). The DNA frajjments con- 
tained sequences from +24 (relative to the start site of transcription) 
to —110 {lanes a, e, and i); (lanes b, f, and j)\ --82 (lanes c, g, and 
k)\ and —77 (lanes d, h, and /). The origin (o) and unbound DNA (u) 
are indicated. Arrows indicate DNA-protein complexes that require 
sequences from —82 to —77 for binding. Lanes i~l are control reactions 
that do not contain extract. 
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FiC. 4. ApoCIII negative element: effect of mutation on expression and protein binding. A, mutations 
were produced by insertion (~2lOA) or deletion i-2lOB) of sequences in the region homologous to the /J-interleron 
gene regulatory element (represented by solid bar). Stimulation of GAT gene expression in HepG2 cells by each of 
these mutants (compared to wild-type —210 and —110 constructions) is shown at right, with unreacted chloram- 
phenicol (CM) and acetylated products (CM-Ac) indicated. No expression was observed in Hel^a cells. B, labeled 
DNA fragments containing the apoGUI promoter segments from —210 to -f-24 (with respect to the start site of 
transcription) were incubated with Hel^a or liver nuclear extracts (as indicated), and specific DNA-protein 
complexes were analyzed by the elcctrophoredc mobility shift assay (see ^^Experimental Procedures"). HeLa protein 
amounts per reaction were 3.3 ^lg {lanes a and J), 6.7 (lanes b and k), and 10 ^g (lams c and /). Liver protein 
amounts per reaction were 2.5 {lanes d, g, and m ), o /ig (lanes e, h, and n), and 7,5 {lanes f, /, and o). Specific 
labeled templates used in each experiment are indicated at the top of each lane and shown in A. The aaterbik 
indicates protein-DNA complexes that disappear when sequences from —175 to —122 are deleted. Arrows indicate 
the complex identified as LP-1 (see Fig. 3 and text). 



element on levels of transcription and eliminates binding of 
specific protein factors. 

Distal Positive Element (—821 to —685) — To characterize 
the distal positive element between —821 and —685, inter- 
mediate deletions were made extending from the —821 end 
point toward position —685. The endpolnts and expression 
levels (relative to —821) of these constructions in HepG2 cells 
are shown in Fig. oA. The DNA element necessary for high 
levels of expression appears to reside within the 49 bp between 
-821 and -772. To test positional effects of the -821 to -685 
region within its own promoter environment, segments from 
—685 to —210 were deleted from the apoCIII promoter. This 
placed the apoCIII distal positive element 210 nucleotides 
from the start site of transcription. In this position, it stim- 
ulated transcription in HepG2 cells by more than an order of 
magnitude relative to the —210 construction (Fig. 5>i). The 
activity of this construction was still less than for the intact 
—821 constructionj however, indicating the presence of an 
additional positive modulator in the region between —685 and 
—210. Portions of the distal positive region are homologous 
to consensus sequences of the SV40 and cytomegalovirus 
enhancers (see **Discussion" and Table I). 

To determine if the apoCIII gene distal positive element 
functions in a manner similar to other enhancer elements, 
the DNA fragment from —821 to —685 was cloned upstream 
from the heterologous adenovirus-2 major late promoter 
(Ad2MLP). The apoCIII gene fragment was placed in both 
orientations at approximately —600 in the AdMLP-CAT con- 
struction pXCT (see Fig. 5B). This distance is similar to its 
position upstream of the apoCIII promoter. The apoCIII distal 
positive element in these constructions stimulates transcrip- 
tion in both forward and reverse orientations in HepG2 cells 
(Fig. 5B). The maximum degree of stimulation in .HepG2 cells 
is 4-fold, which is significantly less than the 20- fold effect 
observed when this element is deleted from the apoCIII pro- 



moter (Fig. 3B). The distal positive element did not stimulate 
expression in HeLa cells when placed upstream of either the 
heterologous or the apoCIII promoter. Thus, the apoCIII 
distal positive element demonstrates at least some of the 
characteristics of a classical viral enhancer (21) and, in addi- 
tion, appears to be tissue -specific in its activity. 

Mobility shift assays performed with the radiolabeled —821 
to —685 DNA fragment demonstrated specific binding of 
proteins from hepatic but not HeLa cell nuclear extracts (Fig, 
6). I'he two shifted bands which result from binding of liver 
proteins are completely lost when unlabeled -821 to —685 
fragment is added as competitor (Fig. 6, compare lane b to 
lane d). Competition with a fragment of DNA containing the 
SV40 enhancer, however, does not diminish binding of these 
proteins (Fig. 6, compare lane b to lane e). None of the shifted 
bands produced with the HeLa extract represent specific 
binding as they are not competed by addition of the unlabeled 
apoCIII fragment (Fig, 6, compare lane b to lanes d and c). 
These results suggest that the lack of activity of this element 
in HeLa cells may be due to the absence in this cell type of 
positive acting protein factors that bind to the element. 

DISCUSSION 

Positive and Negative Cis-acting Elements Regulate ApoCI I J 
Expression and Share Homology with Regulatory Sequences 
from Other Genes — By introducing a vSeries of apoCIII pro- 
moter deletion mutants into tissue culture cells, we have 
identified several cis-acting DNA sequence elements which 
modulate the expression of the apoCIII gene. To determine 
how these sequence elements contribute to tissue specific 
expression of the apoCIII gene, we measured the transcrip- 
tional activity of these mutants in hepatoma (HepG2) and 
epithelial carcinoma (HeLa) cell lines. In the 2 kilobases 
upstream of the apoCIII gene transcriptional start site, we 
characterized two positive elements and a single negative 
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Fig. 5. ApoCIII distal positive element deletion analysis and stimulation of expression of a heterol- 
ogous promoter. A, a series of plasm ids containing 5' deletions between —821 and —685 were produced with 
BalSX nuclease digestion. In a separate construction, the —82.1 to -685 region was inserted immediately upstream 
of the proximal 210 bp of the apoClTI promoter. Activities of these constructions in HepG2 cells were determined 
as described under ^^Experimental Procedures" and are expressed relative to the —821 construction. No expression 
was observed in HeLa cells. B, ApoCIII 5 ' flanking DNA from —821 to —685 was inserted in both orientations 
upstream of a heterologous promoter in the vector pXCT (described under Experimental Procedures**). pXCT 
contains the adenovirus 2 major late promoter [hatched box) and untranslated leader sequences from SV40 (cross- 
hate hed box) located upstream of the CAT gene {open box). ApoCIII sequences were inserted 549 bp upstream of 
the major late transcription start site (designated 4-1) in forward (pXCT-f) or reverse (pXCT-r) orientation. Activity 
of these constructions in HepCi2 cells were determined as described under "Experimental Procedures" and are 
expressed relative to the basal level of pXCT activity. No expression above the pXCT basal level was observed in 
HeLa cells. 
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Fk;. 6. Protein factors that bind to the apoCIlI distal posi- 
tive element. A DNA fragment containing apoCIlI sequences from 
—821 to —685 was radiolabeled and assayed for protein binding 
activity in the electrophoretic mobility shift assay with nuclear ex- 
tracts prepared from HepG2 and HeLa cells. lAines a-c, protein 
binding pattern with increasing amounts of nuclear extract (0.5; 1 .0, 
and 2.0 ug of protein); lanes d, with 1.0 of protein extract and 60- 
fold molar excess of unlabeled —821 to —685 apoCUI fragment; Uines 
e, with 1.0 fig of protein extract and lOO-fold molar excess of unlabeled 
SV40 72 -bp enhancer fragment. Bracket indicates retained bands 
from HepG2 extract which are specifically competed by the apoClII 
—821 to —685 fragment. The asterisk indicates position of unbound 
DNA fragment. 



element. The proximal positive element is within 110 bp of 
the transcription start site and contains two active areas 
(-110 to -96 and -82 to -77). The negative element is 
slightly further upstream between —210 and —110. The distal 
positive element is much further upstream between —821 and 
—772. Each of these elements functions in HepG2 but not 
HeLa cells. 

DNA sequences which influence expression of the apoCIII 
gene and bind specific proteins from nuclear extracts are 
highly conserved between the human and rat genes (Fig. 1) 
and share homlogies with known regulatory elements from 
other genes (Table I). Sequences that resemble the apoCIII 
proximal positive elements (—110 to —96 and —82 to —77) 
appear upstream of genes for human apolipoproteins A-l» A- 
I V, and B. In one case (A-IV), the region —127 to —60, which 
contains a sequence homologous to the apoCIII proximal 
positive element, has been shown to be a positive regulatory 
region (22). In addition, homologous regions upstream of the 
human apoB gene have an activity like the apoCIII positive 
elements in modulating levels of expression from an apoB- 
CAT hybrid gene.'^ An interesting possibility is that these 
elements represent a common functional motif in the regula- 
tion of apolipoprotein gene expression. 

In addition to other apolipoprotein genes, the apoCIII reg- 
ulatory elements share homology with defined regulatory ele- 
ments from less closely related genes and viral enhancers 
(Table I). A striking degree of homology exists in both se- 
quence and spatial arrangement of the apoCIII proximal 
positive elements and sequences upstream of the gene for 
human a i -antitrypsin. Like apoCIII, oci-antitrypsin is prefer- 

H. Das, T. Leff^ and J. L. Breslow, unpublished observations. 
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entially expressed in liver, and transfected ai -antitrypsin 
minigenes are expressed in HepG2 but not in HeLa cells (23). 
These findings suggest that at least some liver-specific genes 
may share mechanisms of regulation of transcription. A dem- 
onstration that the same protein factors bind to the common 
sequences upstream of these two genes would lend further 
support to this possibility. 

Negative cis-acting DNA regions have been described only 
recently in manmialian genes. Initial reports of the rat ot- 
fetoprotein (24), rat insulin 1 (25, 26), and rat growth hormone 
genes (27) did not identify specific sequences which confer 
the negative activity. However, Goodburn et al. (20) identified 
and sequenced an inducible enhancer upstream of the human 
^-interferon gene (the interferon gene regulatory element, 
IRE) which is under negative control. The negative region 
upstream of the apoCIII gene, in reverse orientation, is highly 
homologous to a portion of the IRE with 11 out of 12 matches 
(see Table I). A negative-acting element upstream of the pea 
rbcS-3A gene, which shares homology with the IRE, has also 
been described (28). Negative regulation may be a general 
mechanism controlling eukaryotic gene transcription. It is 
intriguing that the three sequences identified for these nega- 
tive elements appear to be closely related. The only other 
identified sequence homology to the human apoCIII negative 
element was in the equivalent region of the rat apoCIII gene 
(Table I). The element is conserved in 15 of 16 positions in 
the rat apoCIII gene, a sharp contrast to the overall lack of 
homology between the human and rat sequences extending 
beyond the first 100 nucleotides upstream of the gene (see 
Fig. 1). 

Several of these negative-acting sequences exert an effect 
only under particular conditions. The /3-interferon regulatory 
element acts only when the interferon gene is in an uninduced 
state (20). The negative element upstream of the light-indue- 
ible pea rbcS-3A gene influences expression only in dark- 
adapted plants (28). The rat growth hormone negative region, 
known as the thyroid inhibitory element, represses transcrip- 
tion only after treatment of cells with thyroid hormone (27). 
It would be interesting to determine if, like many of the 
negative elements which have been described, the activity of 
the apoCIII negative element is regulated by physiological 
conditions in the cell and, if so, what implication this may 
have for the role of apoCIII in lipid metabolism. 

In the interferon and rbcS-3A genes, the negative elements 
are actually part of more complex regulatory elements which 
behave as inducible enhancers. Perhaps related to their en- 
hancer-like characteristic, the negative regions from these 
two genes are able to suppress transcription from heterologous 
promoters as well (20, 28). In contrast, the apoCIII negative 
element does not appear to suppress expression from the 
heterologous SV40 promoter. This observation is similar to 
the rat hormone gene thyroid inhibitor element (27) which 
does not appear to suppress the thymidine kinase gene when 
inserted into its promoter. It is possible that these differences 
are a function of the specific heterologous promoters employed 
or that the apoCIII and rat hormone thyroid inhibitory ele- 
ments behave in a truly distinct manner from the enhancer- 
like negative elements of the interferon and rbcS-3 A genes. 

The distal positive element (—821 to —772) is essential for 
high levels of expression in HepG2 cells. It increases expres- 
sion by more than an order of magnitude both in its native 
configuration and when placed directly upstream of the first 
210 nucleotides of the apoCIII promoter. Furthermore, a 136- 
nucleotide long fragment (—821 to —685) containing the ele- 
ment can enhance transcription from the adenovirus major 
late promoter when inserted upstream in either orientation. 



The ability to stimulate transcription from a heterologous 
promoter in either orientation and from a distance of several 
hundred nucleotides is characteristic of enhancers found as- 
sociated with many viral and cellular genes (21). The apoCIII 
distal positive element shares homology with consensus se- 
quences for enhancers from SV40 and cytomegalovirus (Table 
I). No homology was detected between the apoCIII element 
and an enhancer which has been discovered upstream of the 
human apoA-II gene (29). The apoCIII positive element does 
not enhance expression in HeLa cells even when placed 
upstream of a heterologous promoter. This is similar to many 
cellular enhancers (30, 31) including the one found upstream 
of the apoA-II gene that stimulates transcription only in 
restricted cell types (29). Thus, the CIII positive element is 
best described as a cell-t3T>e specific enhancer element. 

Role of Trans-acting Factors in Determining Cell Type Spec- 
ificity of ApoCIII Expression — All transcriptionally active 
apoCIII-CAT hybrids were expressed exclusively in HepG2 
cells. Hepatocyte-specific expression could result from the 
presence of positive factors in HepG2 cells that are missing 
in HeLa cells or, conversely, negative factors present in HeLa 
cells but not HepG2 cells. In the case of apoCIII, expression 
and protein binding data indicate that cell type -specific 
expression is governed by hepatic-specific positive elements. 
In no case does deletion of apoCIII sequences result in de- 
tectable expression in HeLa cells, as would be expected with 
the mutation of a crucial HeLa-speciflc negative element. In 
addition, the distal positive element increases transcription 
from a heterologous promoter only in HepG2 cells, while the 
negative element is not active with a heterologous promoter 
in HeLa cells. Furthermore, HeLa nuclear extracts do not 
appear to contain proteins that bind specifically to the distal 
positive element, and although binding of a HeLa protein 
does occur to the proximal positive element, this protein is of 
low abundance and/or affinity and of a different mobility 
than the liver protein LP-1 (see Fig. 4). This HeLa protein 
may represent either a modified (inactive) form of the liver 
protein or an entirely different protein which binds to the 
same sequence. A similar phenomenon has been described for 
other tissue-specific regulatory elements including the im- 
munoglobulin octamer sequence (32, 33) and the chicken a- 
actin promoter (34). In both of these cases, the same protein 
binding sequence interacts with different protein species in 
extracts prepared from expressing and nonexpressing cell 
types. 

Similarities Between ApoCIII Gene Expression and That of 
Other Genes Expressed in the Liver — Recently, expression 
studies of two other apolipoprotein genes, apoA-II and apoA- 
IV, have been reported. Initial studies of human and rat apoA- 
IV expression demonstrate that sequences located within 900 
nucleotides of the start site are required for maximum levels 
of expression and affect cell type -specific expression (22). 
Studies of human apoA-II gene expression have revealed an 
upstream enhancer element that confers tissue-specific 
expression on this gene (29). Like the apoCIII upstream 
positive element described here, the apoA-II enhancer is cen- 
tered at approximately 800 nucleotides upstream of the gene 
and exhibits cell type restricted activity. Unlike the apoA-Il 
enhancer, however, the apoCIII positive element is not abso- 
lutely required for transcription from the apoCIII promoter. 
It remains to be seen whether the regulatory mechanisms 
employed in the expression of the apoCIII or apoA-II genes 
are shared by other apolipoprotein genes and what implica- 
tions such mechanisms may have on their resi>ective roles in 
lipid metabolism. 

The tissue-specific activity of both distal and proximal 
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positive elements of the apoCIII gene invite comparison with 
the mouse a-fetoprotein gene. In transient expression assays 
(35) and in transgenic mice (36), cell type specificity of a- 
fetoprotein expression is mediated by a combination of regu- 
latory elements which includes three enhancers located sev- 
ered kilobases upstream, and the promoter region located 
between —86 and —52 bp upstream from the transcription 
start site. Thus, the apoCIII gene and other genes demonstra- 
ting tissue-specific expression appear to be under the control 
of multiple regulatory elements. The extent to which the 
regulatory elements from these diverse genes share specific 
sequences or interact with similar trans-acting proteins awaits 
further study. 
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